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PHARMACEUTICALLY ACTIVE
COMPOUNDS AND METHODS OF USE

This application 1s a continuation of U.S. patent applica-

tion Ser. No. 08/694,906, entitled PHARMACFEUTICALLY
ACTIVE COMPOUNDS AND METHODS OF USE, filed
on Aug. 9,1996, which issued as U.S. Pat. No. 6,756,389 on
Jun. 29, 2004.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to certain imine-substituted
heterocyclic compounds, and methods of treatment and phar-
maceutical compositions that utilize or comprise one or more
such compounds. Compounds of the mvention are particu-
larly useful for the treatment or prophylaxis of neurological
injury and neurodegenerative disorders.

2. Background

Nerve cell death (degeneration) can cause potentially dev-
astating and irreversible effects for an individual and may
occur e.g. as a result of stroke, heart attack or other brain or
spinal chord 1schemia or trauma. Additionally, neurodegen-
erative disorders involve nerve cell death (degeneration) such
as Alzheimer’s disease, Parkinson’s disease, Huntington’s
disease, Amyotrophic Lateral Sclerosis, Down’s Syndrome
and Korsakoil’s disease.

Therapies have been mvestigated to treat nerve cell degen-
eration and related disorders, e.g., by limiting the extent of
nerve cell death that may otherwise occur to an individual.
See, e.g., N. L. Reddy et al., J Med. Chem., 37:260-267
(1994); and WO 95/20930.

The compound MK-801 has exhibited good results 1in a
variety of 1 vivo models of stroke. See B. Meldrum, Cer-
brovascular Brain Metab. Rev., 2:277-57 (1990); D. Chaoi,
Cerbrovascular Brain Metab. Rev., 2:105-1477 (1990). See
also Merck Index, monograph 3392, 11th ed., 1989. For
example, MK-801 exhibits good activity in mouse audio-
genic tests, a recognized model for evaluation of neuropro-

tective drugs. See, e.g., M. Tricklebank et al., Furopean Jour-
nal of Pharmacology, 167:127-135 (1989); 1. Seyiried,
Federation Proceedings, 38(10):2399-2404 (1979).

However, MK-801 also has shown toxicity and further

clinical development of the compound 1s currently uncertain.
See J. W. Olney et al., Science, 244:1360-1362 (1989); W.

Koek etal., J. Pharmacol. Exp. Ther., 252:349-357 (1990); F.

R. Sharp et al., Society for Neuroscience Abstr., abstr. no.
482.3 (1992).

It thus would be highly desirable to have new neuroprotec-
tive agents, particularly agents to limit the extent or otherwise
treat nerve cell death (degeneration) such as may occur with
stroke, heart attack or brain or spinal cord trauma, or to treat
neurodegenerative disorders such as Alzheimer’s disease,
Parkinson’s disease, Huntington’s disease, Amyotrophic Lat-
eral Sclerosis, Down’s Syndrome and Korsakoil’s disease.

SUMMARY OF THE INVENTION

In a first aspect, the present ivention provides imine-
substituted compounds of the following Formula I:
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N
(CHz)m (CHp)y

\ /
N

PN

H,N NH

wherein 7 1s sulfur, oxygen, carbon or nitrogen;

m and n are each independently an integer from 0-to 4, and
the sum of m and n 1s at least 2, preferably 1s 3, 4, 5 or 6,
more preferably 3, 4 or 3;

cach X 1s independently substituted or unsubstituted alkyl
preferably having from 1 to about 20 carbon atoms;
substituted or unsubstituted alkylsilyl preferably having
1 to about 20 carbon atoms and 1 or more Si atoms;
substituted or unsubstituted alkenyl preferably having
from 2 to about 20 carbon atoms; substituted or unsub-
stituted alkynyl preferably having from 2 to about 20
carbon atoms; substituted or unsubstituted alkoxy pret-
erably having from 1 to about 20 carbon atoms, includ-
ing haloalkoxy; substituted or unsubstituted alkylthio
preferably having from 1 to about 20 carbon atoms;
substituted or unsubstituted alkylamino preferably hav-
ing from 1 to about 20 carbon atoms; substituted or
unsubstituted alkylsulfinyl preferably having 1 to about
20 carbon atoms; substituted or unsubstituted alkylsul-
fonyl preferably having 1 to about 20 carbon atoms;
substituted or unsubstituted carbocyclic aryl preferably
having at least about 6 ring carbon atoms; substituted or
unsubstituted aralkyl preferably having from 7 to about
18 carbons; or a substituted or unsubstituted heteroaro-
matic or heteroalicyclic group having from 1 to 3 rings,
3 to 8 ring members 1n each ring and from 1 to 3 hetero
atoms:;

p 1s an integer equal to O (where the ring 1s substituted only
by the depicted —C(=NH)NH, substituent) to 14, more
typically from O to about 4; and pharmaceutically
acceptable salts thereof.

Substituted or unsubstituted methylene (—CH,—) 1s a
generally preferred 7 ring member. Generally preferred X
groups 1nclude substituted and unsubstituted alkyl, substi-
tuted and unsubstituted alkylsilyl, substituted and unsubsti-
tuted alkenyl, substituted and unsubstituted alkynyl, substi-
tuted and unsubstituted alkylthio, substituted and
unsubstituted alkylamino, substituted and unsubstituted
alkylsulfinyl, substituted and unsubstituted alkylsulifonyl,
substituted and unsubstituted aralkyl, substituted and unsub-
stituted carbocyclic aryl, and substituted and unsubstituted
heteroaromatic or heteroalicyclic groups.

Particularly preferred X groups included substituted and
unsubstituted alkyl and substituted and unsubstituted car-
bocyclic aryl, particularly substituted and unsubstituted
naphthyl or phenyl such as naphthyl or phenyl substituted by
alkyl or haloalkyl having 1 to about 6 carbons, halogen,
alkylthio, particularly alkylthio having 1 to about 6 carbon
atoms such as methylthio and ethylthio, and alkylsilyl pret-
erably having 1 to about 15 carbon atoms.

It 1s understood that the 1mine-substituted ring nitrogen
shown 1n the above formula generally would not be substi-
tuted by an X group. It 1s further understood that the ring
methylene (CH,) groups (which include Z where 7. 1s carbon)
of the above Formula I will include only a single hydrogen 1f
the methylene unit 1s mono-substituted by an X group, 1.e. the
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methylene umt will be (CHX), or the methylene unit wall

contain no hydrogens it di-substituted by X groups, 1.e. the
methylene unit will be (CXX). It 1s also understood the range
of p values will depend 1n part on the sum of m and n as well
as the valence of the Z ring substituent. Thus, for example, 1f
the sum of m and n 1s 4 and without limitation on the Z ring
member, p will be an teger of from O to 10, but 1f Z 1s
specified to be oxygen, then p will be an integer of from O to
8, or if Z 1s mitrogen then p will be an integer of from 0 to 10.

Generally preferred compounds of Formula I include six-
member ring compounds (1.e. where the sum ol m and nabove
1s Tour), particularly compounds of the following Formula Ia:

Ia

wherein 7Z and X are each the same as defined above for

Formula I; p' 1s an integer of from O (where the ring 1s
substituted only by the —C(=INH)NH, substituent) to
10, more typically from 0O to about 4; and pharmaceuti-

cally acceptable salts thereof.

Particularly preferred compounds of Formula I are substi-
tuted piperidines of the following Formula Ib:

Ib

g

""l-u..__....

(X)p”
N

PN

H,N

NH

wherein X 1s the same as defined above for FormulaI; p" 1s
an integer of from 0 (where the ring 1s substituted only
by the depicted 1imine) to 10, more typically from O to
about 4; and pharmaceutically acceptable salts thereof.

Generally preferred W and Y groups include substituted
and unsubstituted alkyl, substituted and unsubstituted alkyl-
s1lyl, substituted and unsubstituted alkenyl, substituted and
unsubstituted alkynyl, substituted and unsubstituted alky-
Ithio, substituted and unsubstituted alkylamino, substituted
and unsubstituted alkylsulfinyl, substituted and unsubstituted
alkylsulfonyl, substituted and unsubstituted aralkyl, substi-
tuted and unsubstituted carbocyclic aryl, and substituted and
unsubstituted heteroaromatic or heteroalicyclic groups.

Particularly preferred W and Y groups included substituted
and unsubstituted alkyl and substituted and unsubstituted
carbocyclic aryl, particularly substituted and unsubstituted
naphthyl or phenyl such as naphthyl or phenyl substituted by
alkyl or haloalkyl having 1 to about 6 carbons, halogen,
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4

alkylthio, particularly alkylthio having 1 to about 6 carbon

atoms such as methylthio, and alkylsilyl preferably having 1
to about 15 carbon atoms.

In a second aspect, imine-substituted compounds are pro-
vided that are substituted by a group other than hydrogen on
the imine or adjacent non-cyclic mitrogen. Preferred are com-
pounds of the following Formula II:

11
7 (X)p

/X
(CHZ)m (CHZ)H

\ /
N
R )\
SN NR2
-
Rl

wherein 7, X, p, m and n are the same as defined above for
Formula I; R, R' and R” are each independently hydro-
gen; hydroxy; substituted or unsubstituted alkanoyl hav-
ing from 1 to about 20 carbon atoms; substituted or
unsubstituted alkanoyloxy having from 1 to about 20
carbon atoms; substituted or unsubstituted alkyl prefer-
ably having from 1 to about 20 carbon atoms; substituted
or unsubstituted alkenyl preferably having from 2 to
about 20 carbon atoms; substituted or unsubstituted
alkynyl preferably having from 2 to about 20 carbon
atoms; substituted or unsubstituted alkoxy preferably
having from 1 to about 20 carbon atoms; substituted or
unsubstituted alkylthio preferably having from 1 to
about 20 carbon atoms; substituted or unsubstituted
alkylamino preferably having from 1 to about 20 carbon
atoms; substituted or unsubstituted alkylsulfinyl prefer-
ably having 1 to about 20 carbon atoms; substituted or
unsubstituted alkylsulfonyl preferably having 1 to about
20 carbon atoms; substituted or unsubstituted carbocy-
clic aryl having at least about 6 ring carbon atoms; or a
substituted or unsubstituted heteroaromatic or heteroali-
cyclic group having from 1 to 3 rings, 3 to 8 ring mem-
bers 1n each ring and from 1 to 3 hetero atoms, with at
least one of R, R" and R” being other than hydrogen; and
pharmaceutically acceptable salts thereof.

Preferred compounds of Formula II include six-member
ring compounds (sum of m and n above 1s four), particularly
compounds of the following Formula Ila:

[1a
(X)p

/Zj
\N
R )\
. 5
N NR
Rl‘/

wherein Z and X are each the same as defined above for
Formula I; p 1s an integer of from 0 to 10, more typically
0 to about 4;: R, R* and R” are each the same as defined
above for Formula II; and pharmaceutically acceptable
salts thereot. Substituted piperidine compounds are gen-
erally preferred, 1.e. where 7 1s carbon.
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Also preferred are compounds of Formula II that have at
least two ring substituents (p==2 in Formula II), particularly
2,6-substituted compounds of Formula Ila, such as the fol-
lowing piperidine compounds of Formula IIb:

L

I1b

W N Y
R N
S NR2
-
Rl

wherein W and Y are the same as defined above for For-
mula Ic; R, R' and R are each the same as defined above
for Formula II; and pharmaceutically acceptable salts
thereof.

Generally preferred X, W and Y groups of compounds of
Formula I1, IIa and IIb include substituted and unsubstituted
alkyl, substituted and unsubstituted alkylsilyl, substituted and
unsubstituted alkenyl, substituted and unsubstituted alkynyl,
substituted and unsubstituted alkylthio, substituted and
unsubstituted alkylamino, substituted and unsubstituted
alkylsulfinyl, substituted and unsubstituted alkylsulionyl,
substituted and unsubstituted aralkyl, substituted and unsub-
stituted carbocyclic aryl, and substituted and unsubstituted
heteroaromatic or heteroalicyclic groups.

Particularly preferred X, W and Y groups of compounds of
Formula II, IIa and IIb include substituted and unsubstituted
alkyl and substituted and unsubstituted carbocyclic aryl, par-
ticularly substituted or unsubstituted naphthyl or phenyl such
as naphthyl or phenyl substituted by alkyl or haloalkyl having
1 to about 6 carbons, halogen, alkylthio, particularly alkylthio
having 1 to about 6 carbon atoms such as methylthio or
cthylthio, and alkylsilyl preferably having 1 to about 15 car-
bon atoms.

Preferred R and R* groups of compounds of Formulae 11,
IIa and IIb 1nclude substituted and unsubstituted carbocyclic
aryl and heteroaromatic and heteroalicyclic groups. Particu-
larly preferred R and R' groups are substituted and unsubsti-
tuted naphthyl and phenyl groups, such as naphthyl or phenyl
substituted at one or more ring positions by alkyl or haloalkyl
having 1 to about 6 carbons, halogen, alkylthio, particularly
alkylthio having 1 to about 6 carbon atoms such as meth-
ylthio. Other preferred R and R' groups include hydroxy,
alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylamino, alkyl-
sulfinyl, alkylsulfonyl, substituted or unsubstituted alkanoyl
and substituted or unsubstituted alkanoyloxy. Generally pre-
terred are compounds of Formulae 11, IIa and IIb are those
where at least of one of R and R' is other than hydrogen, and
R” is hydrogen.

As with compounds of Formula I, it 1s understood with
respect to the compounds of Formula II that the depicted
imine-substituted ring nitrogen would not be substituted by
an X group. It 1s further understood that the ring methylene
groups (CH,) of the above Formula II will include only a
single hydrogen 1f the methylene unit 1s mono-substituted by
an X group, 1.€. the methylene unit will be (CHX), or the
methylene unit will contain no hydrogens if di-substituted by
X groups, 1.e. the methylene unit will be (CXX). It 1s also
understood the range of p values will depend 1n part on the
sum of m and n as well as the valence of the Z ring substituent.

The i1nvention also includes both racemic mixtures and
optically enriched mixtures of chiral compounds of the mnven-
tion. An optically enriched mixture contains substantially
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6
more (e.g. about 60%, 70%, 80% or 90% or more) of one

cnantiomer or diastereoisomer than the other stereoisomer(s).
Preferred optically enriched mixtures contain 97% or more,
more preferably 98% or more, even more preferably 99% or
more of one enantiomer or diastereoisomer than the other
stereoisomer(s).

Compounds of the invention are useful for a number of
therapeutic applications. In particular, the invention mcludes
methods for treatment and/or prophylaxis of neurological
conditions/injuries such as epilepsy, neurodegenerative con-
ditions and/or nerve cell death (degeneration) resulting from
¢.g. hypoxia, hypoglycemia, brain or spinal chord ischemia,
retinal 1schemia, brain or spinal chord trauma or post-surgical
neurological deficits and the like as well as neuropathic pain.
The compounds of the mvention are especially usetul for
treatment ol a person susceptible or suflering from stroke or
heart attack or neurological deficits relating to cardiac arrest,
a person sutlering or susceptible to brain or spinal cord injury,
or a person suilering from the effects of retinal 1schemia or
degeneration. Compounds of the mnvention also are useful to
treat and/or prevent various neurodegenerative diseases such
as Parkinson’s disease, Huntington’s disease, Amyotrophic
Lateral Sclerosis, Alzheimer’s disease, Down’s Syndrome,
Korsakoil’s disease, cerebral palsy and/or age-dependent
dementia. Compounds of the invention will be further useful
to treat and/or prevent migraines, shingles (herpes zoster),

epilepsy, emesis and/or narcotic withdrawal symptoms. Also,
in addition to treatment of retinal 1schemia and related disor-
ders, the invention provides methods for treatment of optic
nerve injury/damage. The treatment methods of the invention
in general comprise administration of a therapeutically effec-
tive amount of one or more compounds of the invention to an
amimal, including a mammal, particularly a human.

Particularly preterred compounds of the invention exhibit
good activity 1n an anticonvulsant 1n vivo mouse audiogenic
assay e.g. as disclosed 1n Example 6 which follows, prefer-
ably about 20% or more inhibition at a dose of a compound of
the mvention of 20 mg/kg, more preferably about 50% or
more or 70% or more ihibition at a dose of 20 mg/kg 1n such
an anticonvulsant 1n vivo audiogenic assay.

The mvention also provides pharmaceutical compositions
that comprise one or more compounds of the invention and a
suitable carrier for the compositions.

The invention further provides methods for preparation of
compounds of the invention as well as amine (particularly
compounds of Formula III below), N-cyano and other com-
pounds useful as intermediates in those preparative methods.
Other aspects of the invention are disclosed inira.

DETAILED DESCRIPTION OF THE INVENTION

The present mmvention provides imine-substituted com-
pounds of the following Formulae I and II:

V4 ,(X)p
/N
(CH2)m  (CHz)p

\ /
N

PN

H>N NH
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-continued

/ ,(X)p
/N
(CH)m (CHa)y

\ /
N
R /l\
S NR2
-
Rl

11

wherein Z, X, p, m, n, R, R' and R” are as defined above;
and pharmaceutically acceptable salts of those com-
pounds.

Suitable halogen substituent groups of compounds of For-
mulae I, Ia, Ib, Ic, II, Ila and IIb as defined above (1.e. com-
pounds of the invention) include F, Cl, Br and I. Alkyl groups
of compounds of the invention preferably have from 1 to
about 12 carbon atoms, more preferably 1 to about 8 carbon
atoms, still more preferably 1 to about 6 carbon atoms, even
more preferably 1, 2, 3 or 4 carbon atoms. Methyl, ethyl and
propyl 1ncluding 1sopropyl are particularly preferred alkyl
groups of compounds of the invention. As used herein, the
term alkyl unless otherwise modified refers to both cyclic and
noncyclic groups, although of course cyclic groups will com-
prise at least three carbon ring members. Preferred alkylsilyl
groups include alkylsilyl having 1 to about 15-18 carbons and
1 or about 2 S1 atoms, e.g. a trialkylsilyl group such as a
trimethylsilyl, triethylsilyl, a butyl(dimethyl)silyl or tributyl-
silyl group. Preferred alkenyl and alkynyl groups of com-
pounds of the invention have one or more unsaturated link-
ages and from 2 to about 12 carbon atoms, more preferably 2
to about 8 carbon atoms, still more preferably 2 to about 6
carbon atoms, even more preferably 2, 3 or 4 carbon atoms.
The terms alkenyl and alkynyl as used herein refer to both
cyclic and noncyclic groups, although straight or branched
noncyclic groups are generally more preferred. Preferred
alkoxy groups of compounds of the invention include groups
having one or more oxygen linkages and from 1 to about 12
carbon atoms, more preferably from 1 to about 8 carbon
atoms, and still more preferably 1 to about 6 carbon atoms,
even more preferably 1, 2, 3 or 4 carbon atoms. Preferred
substituted alkoxy groups include haloalkoxy such as fluoro-
alkoxy, e.g. trifluoromethoxy, trifluroethoxy, pentatluoroet-
hoxy and the like. Preferred alkylthio groups of compounds
of the invention include those groups having one or more
thioether linkages and from 1 to about 12 carbon atoms, more
preferably from 1 to about 8 carbon atoms, and still more
preferably 1 to about 6 carbon atoms. Alkylthio groups hav-
ing 1, 2, 3 or 4 carbon atoms are particularly preferred. Pre-
terred alkylsulfinyl groups of compounds of the invention
include those groups having one or more sulfoxide (SO)
groups and from 1 to about 12 carbon atoms, more preferably
from 1 to about 8 carbon atoms, and still more preferably 1 to
about 6 carbon atoms. Alkylsulfinyl groups having 1, 2, 3 or
4 carbon atoms are particularly preferred. Preferred alkylsul-
fonyl groups of compounds of the mvention include those
groups having one or more sulfonyl (SO, ) groups and from 1
to about 12 carbon atoms, more preferably from 1 to about 8
carbon atoms, and still more preferably 1 to about 6 carbon
atoms. Alkylsulfonyl groups having 1, 2, 3 or 4 carbon atoms
are particularly preferred. Preferred alkylamino groups
include those groups having one or more primary, secondary
and/or tertiary amine groups, and from 1 to about 12 carbon
atoms, more preferably 1 to about 8 carbon atoms, still more
preferably 1 to about 6 carbon atoms, even more preferably 1,
2, 3 or 4 carbon atoms. Secondary and tertiary amine groups
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are generally more preferred than primary amine moieties.
Preferred alkanoyl groups have from 1 to about 8 carbons and
one or two carbonyl groups, with acetyl (CH,CO) and acyl
being preferred. Alkanoyloxy groups preferably contain one,
two or more oxygen linkages, one or two carbonyl groups and
and from 1 to about 8 carbons. Preferred groups include
C,_C(=0)O—. Suitable heteroaromatic substituent groups
of compounds of the invention contain one or more N, O or S
atoms and include, e.g., coumarinyl including 8-coumarinyl,
quinolinyl including 8-quinolinyl, pyridyl, pyrazinyl, pyrim-
1idyl, furyl, pyrrolyl, thienyl, thiazolyl, oxazolyl, imidazolyl,
indolyl, benzoturanyl and benzothiazol. Suitable heteroalicy-
clic substituent groups of compounds of the invention contain
one or more N, O or S atoms and include, e.g., tetrahydro-
furanyl, tetrahydropyranyl, piperidinyl, morpholino and pyr-
rolindinyl groups. Suitable carbocyclic aryl groups of com-
pounds of the invention include single and multiple ring
compounds, including multiple ring compounds that contain
separate and/or fused aryl groups. Typical carbocyclic aryl
groups contain 1 to 3 separate or fused rings and from 6 to
about 18 carbon ring atoms. Specifically preferred carbocy-
clic aryl groups include phenyl including substituted phenyl,
such as 2-substituted phenyl, 3-substituted phenyl, 4-substi-
tuted phenyl or 2,3-substituted, 2,4-substituted phenyl,
including where such phenyl substituents are selected from
the same group as defined above in Formula I for the substitu-
ent X; naphthyl including 1-naphthyl and 2-naphthyl; biphe-
nyl; phenanthryl; and anthracyl. As mentioned above, substi-
tuted and unsubstituted carbocyclic aryl, particularly
substituted and unsubstituted naphthyl and phenyl, are pre-
ferred X, W and Y groups of compounds of the mvention.
Suitable aralkyl groups of compounds of the mmvention
include single and multiple ring compounds, including mul-
tiple ring compounds that contain separate and/or fused aryl
groups. Typical aralkyl groups contain 1 to 3 separate or fused
rings and from 6 to about 18 carbon ring atoms. Preferred
aralkyl groups include benzyl and —CH,-naphthyl.

References herein to substituted X, W, Y, R, R' and R?
groups of compounds of the invention refer to the specified
moiety that may be substituted at one or more available posi-
tions by one or more suitable groups such as, e.g., halogen
such as fluoro, chloro, bromo and 10do; cyano; hydroxyl;
nitro; azido; alkanoyl such as a C,_. alkanoyl group such as
acyl and the like; carboxamido; alkyl groups including those
groups having 1 to about 12 carbon atoms or from 1 to about
6 carbon atoms and more preferably 1-3 carbon atoms; alk-
enyl and alkynyl groups including groups having one or more
unsaturated linkages and from 2 to about 12 carbon or from 2
to about 6 carbon atoms; alkylsilyl groups such as those
groups having from 1 to about 12 carbons, or more preferably
1 to about 6 carbons and 1 or S1 groups; alkoxy groups
including those having one or more oxygen linkages and from
1 to about 12 carbon atoms or 1 to about 6 carbon atoms:
aryvloxy such as phenoxy; alkylthio groups including those
moieties having one or more thioether linkages and from 1 to
about 12 carbon atoms or from 1 to about 6 carbon atoms;
alkylsulfinyl groups including those moieties having one or
more sulfinyl linkages and from 1 to about 12 carbon atoms or
from 1 to about 6 carbon atoms; alkylsulfonyl groups includ-
ing those moieties having one or more sulfonyl linkages and
from 1 to about 12 carbon atoms or from 1 to about 6 carbon
atoms; alkylamino groups such as groups having one or more
N atoms and from 1 to about 12 carbon atoms or from 1 to
about 6 carbon atoms; carbocyclic aryl having 6 or more
carbons, particularly phenyl; and aralkyl having from about 7
to 14 carbon atoms such as benzyl; and heteroaromatic or
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heteroalicyclic group having from 1 to 3 rings, 3 to 8 ring
members 1n each ring and from 1 to 3 hetero atoms.

It should be understood that alkoxy, alkylthio, alkylsulfi-
nyl, alkylsulfonyl and aminoalkyl substituent groups
described above include groups where a hetero atom 1s
directly bonded to a ring system, such as a carbocyclic aryl
group or a heterocyclic group, as well as groups where a
hetero atom of the group 1s spaced from such ring system by
an alkylene linkage, e.g. of 1 to about 4 carbon atoms.

Specifically preferred compounds of the invention include
the following:

N-carboximidamide-r-2, ¢c-6-di(4-methylphenyl)piperidine;

N-carboximidamide-r-2, c-6-di(4-1sopropylphenyl)piperi-
dine:

N-carboximidamide-r-2, t-6-di(4-methylphenyl)piperidine;

N-carboximidamide-r-2, c-5-diphenylpyrrolidine;

N-(N'-pheny1 )carboximidamide-r-2,  ¢-6-diphenylpiperi-
dine;

10

15

and pharmaceutically acceptable salts thereof. See Journal of -

Organic Chemistry, vol. 56, 4833-4840 (1991) for discussion
of the nomenclature of these preferred compounds. The struc-
tural formulae of these preferred compounds are also shown
in the examples which follow.

Compounds of the mvention can be prepared by several
routes. For example, compounds of the invention can be
prepared by reaction of cyanamide with a precursor derivative

of Formula 1 that does not contain the N-substituent of
—C(=NH)NH_ or —C(=NR*)NRR", i.e. a compound of

the following Formula III (where 7, X, m, n and p are each the
same as defined above for Formula I):

I11
7 (X

/X
(CHy)m  (CHy)y

\ /
N
H

More particularly, compounds of the invention can be suit-
ably prepared by reaction of a precursor compound of For-

mula III above with cyanamide to provide compounds of

Formula I, or a substituted cyanamide to provide compounds
of Formula I, 1n a suitable solvent such as methanol, ethanol
and chloroform or the like under an 1nert atmosphere such as
argon or mtrogen. Typically, an HCI or other acid addition salt
of the precursor compound III 1s reacted with the cyanamide.
The reaction solution 1s suitably heated e.g. from about 100°
C. or greater for 2 to about 60 hours until reaction completion,
¢.g. as indicated by thin layer chromatography. The reaction
solution 1s then cooled to room temperature, and the solventis
then removed under reduced pressure to provide the desired
compound of the mvention. The crude product then can be
purified by recrystallization and/or column chromatography,
¢.g. by elution one or more times on silica gel (e.g., 60-200
mesh, 50x w/w) with suitable solvents. See Example 1, Part 11
which follows for exemplary conditions.

Precursor compounds of the above Formula III may be
commercially available or can be prepared by reduction of the
corresponding unsaturated heterocyclic nitrogen compound,
¢.g. by use of a reducing agent such as sodium and ethanol.
See Example 1, Part 1 for exemplary conditions of such
reduction. Hydrogenation also may be employed using pal-
ladium or other suitable catalyst. See Example 4, Part 111. The
nitrogen may be suitably activated during hydrogenation, e.g.
with an oxycarbonyl group such as t-butoxycarbonyl or the
like, which group can be then removed such as by acidic
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hydrolysis -prior to reaction with cyanamide or other reagent.
See Example 4 which follows for an exemplary procedure.

Substituted unsaturated cyclic amine compounds to
employ 1n such reduction reactions can be prepared by several
methods. For example, an organometallic reagent can be pre-
pared (typically Group I or II metal, particularly L1 or Mg)
such as by a halogen-metal exchange reaction followed by
reaction of that organometallic reagent with a halopyridine or
other halogen-substituted cyclic amine. See Example 2, Part
1, Method A for an exemplary procedure.

Alternatively, a substituted pyridine or other unsaturated
precursor compound can be prepared by cyclization of an
intermediate compound that contains the ring substituents
(1.e. groups X, W and Y 1n the above formulae), e.g. by
cyclization of a substituted 1,5-diketopentyl compound with
hydroxylamine. See Example 2, Method B which follows for
exemplary conditions.

Compounds of Formulae I and II also may be prepared by
reaction ol a precursor compound of Formula III above with
cyanogen bromide to provide the N-cyano derivative (i.e.
compounds of Formula III above substituted at the depicted
ring nitrogen by cyano). That cyano imntermediate then may be
suitably reacted an amine, particularly an ammonium salt
such as an acetate salt, typically with heating to provide the
N-1imine substituted compound of Formula I. See Example 3
which follows for exemplary conditions. Compounds of For-
mula II may be prepared by reaction of the N-cyano derivative
with a primary or secondary amine (to provide the desired R
and R" groups as defined above for Formula II) in the pres-
ence of a Lewis acid such as AlCl, and the like. See Example
5> which follows for an exemplary synthesis.

Alkylsulfinyl-substituted or alkylsulfonyl-substituted
reagents, that can provide correspondingly substituted com-
pounds of the invention as described above, can be provided
by oxidation (e.g., H,O,) of alkylthio-substituted reagents.

As discussed above, chiral compounds of the invention
may be used as optically enriched or racemic mixtures. An
optically enriched mixture contains substantially more (e.g.
about 60%, 70%, 80% or 90% or more) of one enantiomer or
diastereoisomer than the other stereoisomer(s). Optically
enriched mixtures can be obtained by known procedures, e.g.,
column chromatography using an optically active binding
material or formation of a salt using an optically active mate-
rial, particularly an optically active acid.

As discussed above, the present invention includes meth-
ods for treating or preventing certain neurological disorders,
including the consequences of stroke, heart attack and trau-
matic head or brain injury, epilepsy or neurodegenerative
diseases comprising the administration of an eflective
amount of one or more compounds of the invention to a
subject including a mammal, particularly a human, 1n need of
such treatment. In particular, the invention provides methods
for treatment and/or prophylaxis of nerve cell death (degen-
eration) resulting e.g. from hypoxia, hypoglycemia, brain or
spinal cord ischemia, brain or spinal cord trauma, stroke,
heart attack or drowning. Typical candidates for treatment
include e.g. heart attack, stroke and/or persons sutlering from
cardiac arrest neurological deficits, brain or spinal cord injury
patients, patients undergoing major surgery such as heart
surgery where brain ischemaa is a potential complication and
patients such as divers sullering from decompression sick-
ness due to gas emboli 1n the blood stream. Candidates for
treatment also will include those patients undergoing a sur-
gical procedure involving extra-corporal circulation such as
¢.g. a bypass procedure.

The invention 1n particular provides methods for treatment
which comprise administration of one or more compounds of
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the invention to a patient that is undergoing surgery or other
procedure where brain or spinal cord 1schemaia 1s a potential
risk. For example, carotid endarterectomy 1s a surgical pro-
cedure employed to correct atherosclerosis of the carotid
arteries. Major risks associated with the procedure include
intraoperative embolization and the danger of hypertension in
the brain following increased cerebral blood flow, which may
result in aneurism or hemorrhage. Thus, an effective amount
of one or more compounds of the present invention could be
administered pre-operatively or peri-operatively to reduce
such risks associated with carotid endarterectomy, or other
post-surgical neurological deficits.

The invention further includes methods for prophylaxis
against neurological deficits resulting from e.g. coronary
artery bypass grait surgery and aortic valve replacement sur-
gery, or other procedure involving extra-corporal circulation.
Those methods will comprise administering to a patient
undergoing such surgical procedures an eflective amount of
one or more compounds of the invention, typically either
pre-operatively or peri-operatively.

The 1mvention also provides methods for prophylaxis and
treatment against neurological injury for patients undergoing,
myocardial infarction, a procedure that can result 1n 1schemic
insult to the patient. Such methods will comprise administer-
ing to a patient undergoing such surgical procedure an effec-
tive amount of one or more compounds of the invention,
typically either pre-operatively or peri-operatively.

Also provided are methods for treating or preventing neu-
ropathic pain such as may experienced by cancer patients,
persons having diabetes, amputees and other persons who
may experience neuropathic pain. These methods for treat-
ment comprise administration of an effective amount of one
or more compounds of the invention to a patient 1n need of
such treatment.

The 1nvention also provides methods for treatment and
prophylaxis against eye disorders and 1injury, including meth-
ods for treatment of reduced flow of blood or other nutrients
to retinal tissue or optic nerve, methods for treatment of
retinal 1schemia and trauma and associated disorders, and
methods for treatment of optic nerve damage/injury. Disor-
ders associated with retinal or optic nerve injury or 1schemia
that may be treated in accordance with the imnvention include
¢.g. diabetes, significantly elevated intraocular pressures and
glaucoma, diseases such as retinal artery or vein occlusion,
atherosclerosis, venous capillary msuificiency, senile macu-
lar degeneration and cystoid macular edema. In such meth-
ods, a compound of the mvention can be administered
parenterally or by other procedure as described herein to a
subject a sulfering from or susceptible to 1schemic 1nsult or
other injury or disorder that may adversely atffect visual func-
tion. Post-1schemic or post-injury administration also may
limit retinal damage. Intravitreal injection of a compound of
the 1nvention also may be a preferred administration route to
provide more direct treatment to the injured retina or optic
nerve.

The mvention also provides methods for treatment of a
subject suflering from shingles as well as treatment of a
person sulfering from or susceptible to migraines, particu-
larly to alleviate the pain and discomiort associated with
those disorders. These methods comprise administration of
an effective amount of one or more compounds of the mven-
tion to a patient 1n need of treatment.

The invention further provides a method of treating Kor-
sakoif’s disease, a chronic alcoholism-induced condition,
comprising administering to a subject including a mammal,
particularly a human, one or more compounds of the mnven-
tion 1n an amount effective to treat the disease. Compounds of
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the invention are anticipated to have utility for the attenuation
of cell loss, hemorrhages and/or amino acid changes associ-
ated with Korsakoil’s disease.

As discussed above, the 1invention also includes methods
for treating a person sutlering from or susceptible to cerebral
palsy, emesis, narcotic withdrawal symptoms and age-depen-
dent dementia, comprising administering to a subject includ-
ing a mammal, particularly a human, one or more compounds
of the mnvention 1n an amount effective to treat the condition.

As discussed above, preferred compounds of the imnvention
are active 1n a standard anticonvulsant 1n vivo audiogenic test,
such as the audiogenic mouse assay of Example 6 which
tollows, where DBA/2 mice about 20-23 days old are injected
intraperitoneally with a test compound 30 minutes prior to
being placed 1n a bell jar with exposure to auditory stimulus of
12 KHz sine wave at 110-120 db. References herein 1n vivo
“audiogenic assay” are mtended to refer to that protocol.
Generally preferred compounds exhibit 20% or more inhibi-
tion (relative to subjects treated with vehicle control only) at
a dose of 20 mg/kg, more preferably about 50% or more or
70% or more 1nhibition at a dose of 20 mg/kg 1n such an 1n
vivo audiogenic assay. As discussed above, activity in the
audiogenic assay has been recognized as indicative that a test
compound has neuroprotective properties. See, e.g., M.
Tricklebank et al., Furopean Journal of Pharmacology,
supra; 1. Seyiried, Federation Proceedings, supra.

The invention also provides methods for determining bind-
ing activity of compounds of the invention as well as 1n vitro
and 1n vivo binding activity diagnostic methods using one or
more radiolabelled compounds of the invention, e.g., a com-
pound of the invention that is labeled with '*°1, tritium, >°P,
*?Tc, or the like, preferably *°1. For instance, a compound of
the invention having a phenyl or other aryl substituent that 1s
ring substituted with one or more '*°I groups can be admin-
istered to a mammal and the subject then scanned for binding
of the compound. Specifically, single photon emission com-
puted tomography (“SPECT”) can be employed to detect
such binding. Such an analysis of the mammal could e.g. aid
in the diagnosis and treatment of acute cerebral ischemia.
That 1s, a labeled compound of the invention will selectively
bind to 1schemic tissue of e.g. a subject’s brain to differentiate
between 1schemic and non-1schemic tissue and thereby assess
trauma or other injury to the brain.

Accordingly, the invention includes compounds of the
invention that contain a radiolabel such as '*°1, tritium, ~“P,
*’Tc, or the like, preferably **>1. Such radiolabelled com-
pounds can be suitably prepared by procedures known in the
synthesis art. For example, a compound of the mmvention
having an aromatic group, such as phenyl, that has a bromo or
chloro ring substituent can be employed 1n an exchange label-
ing reaction to provide the corresponding compound having
an '*°1 ring substituent.

Compounds of the ivention may be used in therapy 1n
conjunction with other medicaments. For example, for treat-
ment of a stroke victim or a person susceptible to stroke, one
or more compounds of the invention may be suitably admin-
1stered together with a pharmaceutical targeted for interaction
in the blood clotting mechanism such as streptokinase, tPA,
urokinase and other agents that lyse clots. Also, one or more
compounds of the mvention may be admimstered together
with agents such as heparin and related heparin-based com-
pounds, acenocoumarol or other known anticoagulants.

Compounds of the invention also may function as prodrugs
and may be metabolized 1n vivo to forms of enhanced activity.

The compounds of this mvention can be admimstered
intranasally, orally or by 1njection, e.g., intramuscular, 1ntra-
peritoneal, subcutaneous or intravenous injection, or by
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transdermal, intraocular or enteral means. The optimal dose
can be determined by conventional means. Compounds of the
present invention are suitably administered to a subject in the
protonated and water-soluble form, e.g., as a pharmaceuti-
cally acceptable salt of an organic or inorganic acid, e.g.,
hydrochloride, sulfate, hemai-sulfate, phosphate, nitrate,
acetate, oxalate, citrate, maleate, mesylate, etc.

Compounds of the invention can be employed, either alone
or 1n combination with one or more other therapeutic agents
as discussed above, as a pharmaceutical composition 1n mix-
ture with conventional excipient, 1.e., pharmaceutically
acceptable organic or imnorganic carrier substances suitable for
parenteral, enteral or intranasal application which do not del-
eteriously react with the active compounds and are not del-
eterious to the recipient thereof. Suitable pharmaceutically
acceptable carriers include but are not limited to water, salt
solutions, alcohol, vegetable oils, polyethylene glycols, gela-
tin, lactose, amylose, magnesium stearate, talc, silicic acid,
viscous parallin, perfume o1l, fatty acid monoglycerides and
diglycerides, petroethral fatty acid esters, hydroxymethyl-
cellulose, polyvinylpyrrolidone, etc. The pharmaceutical
preparations can be sterilized and 11 desired mixed with aux-
iliary agents, e.g., lubricants, preservatives, stabilizers, wet-
ting agents, emulsifiers, salts for influencing osmotic pres-
sure, buffers, colorings, flavorings and/or aromatic
substances and the like which do not deleteriously react with
the active compounds.

For parenteral application, particularly suitable are solu-
tions, preferably o1ly or aqueous solutions as well as suspen-
sions, emulsions, or implants, including suppositories.
Ampules are convenient unit dosages.

For enteral application, particularly suitable are tablets,
dragees or capsules having talc and/or carbohydrate carrier
binder or the like, the carrier preferably being lactose and/or
corn starch and/or potato starch. A syrup, elixir or the like can
be used wherein a sweetened vehicle 1s employed. Sustained
release compositions can be formulated including those
wherein the active component 1s protected with differentially
degradable coatings, e.g., by microencapsulation, multiple
coatings, etc.

Intravenous or parenteral administration, e€.g., sub-cutane-
ous, intraperitoneal or intramuscular administration are pre-
terred. The compounds of this invention are particularly valu-
able 1n the treatment of mammalian subjects, e.g., humans, to
provide neuroprotective therapy and/or prophylaxis. Typi-
cally, such subjects include those afilicted with neurodegen-
crative diseases such as Parkinson’s disease, Huntington’s
disease, Amyotrophic Lateral Sclerosis, Alzheimer’s disease,
Down’s Syndrome and Korsakoil’s disease. Also suitable for
treatment are those subjects sutfering from or likely to sufier
from nervous system dysfunctions resulting from, for
example, epilepsy or nerve cell degeneration which 1s the
result of hypoxia, hypoglycemia, brain or spinal chord
1schemia or brain or spinal chord trauma. As discussed above,
typical candidates for treatment include heart attack, stroke,
brain or spinal cord injury patients, patients undergoing major
surgery where brain or spinal cord 1schemia 1s a potential
complication and patients such as divers suffering from
decompression sickness due to gas emboli 1n the blood
stream.

It will be appreciated that the actual preferred amounts of
active compounds used 1n a given therapy will vary according
to the specific compound being utilized, the particular com-
positions formulated, the mode of application, the particular
site of administration, etc. Optimal administration rates for a
given protocol of administration can be readily ascertained by
those skilled 1n the art using conventional dosage determina-
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tion tests conducted with regard to the foregoing guidelines.
In general, a suitable effective dose of one or more com-
pounds of the mmvention particularly when using the more
potent compound(s) of the invention, will be 1in the range of
from 0.01 to 100 milligrams per kilogram of bodyweight of
recipient per day, preferably in the range of from 0.01 to 20
milligrams per kilogram bodyweight of recipient per day,
more preferably in the range of 0.05 to 4 milligrams per
kilogram bodyweight of recipient per day. The desired dose 1s
suitably administered once daily, or several sub-doses, e¢.g. 2
to 4 sub-doses, are administered at appropriate intervals
through the day, or other appropriate schedule. Such sub-
doses may be administered as unit dosage forms, €.g., con-
taining from 0.05 to 10 milligrams of compound(s) of the
invention, per unit dosage, preferably from 0.2 to 2 milli-
grams per unit dosage.

Compounds of the mnvention also can be useful as rubber
accelerators. See U.S. Pat. No. 1,411,713 for a discussion of
rubber accelerator applications.

The entire text of all documents cited herein are icorpo-
rated by reference hereimn. The Ifollowing non-limiting
examples are 1llustrative of the mvention.

General Comments

In the following examples, all percentages reported herein,
unless otherwise specified, are percent by weight. All tem-
peratures are expressed 1n degrees Celsius.

Melting points were determined 1n open capillary tubes on
a Thomas-Hoover apparatus and are uncorrected. Thin-layer
chromatography was performed on Baker-flex 1B2-F silica
gel plates. Compounds were visualized on TLC with 254-nM
UV light or as a blue spot with bromcresol spray reagent
(S1igma Chemical Co.). Preparative TLC was performed on
Analtech GF precoated silica gel (1000 um) glass-backed
plates (20x20 cm). NMR spectra were recorded on Varian
Gemini 300 and the chemical shifts were reported 1n ppm (0)
relative to the residual signal of the deuterated solvent
(CDCl,, 0 7.26; CHD,OD, ¢ 3.30). Flemental analyses were
performed by either Galbraith Laboratories (Knoxwville,
Tenn.) or MHW Laboratories (Tuscon, Ariz.). High Resolu-
tion Mass spectra (HRMS) were recorded on a Finnegan
MAT 90. HPLC were performed on a C18 reverse phase
column using 50:50 water:acetonmitrile with 0.1% TFA as a
mobile phase. Chlorobenzene, ether (Et,O) and tetrahydro-
furan (THF) were anhydrous quality solvents (Sure Seal)
supplied by Aldrich. All other solvents were reagent grade.

EXAMPLE 1

Preparation of N-carboximidamide-r-2,
c-6-di(4-methylphenyl)piperidine, mesylate
(includes Parts I and II)

Part I: Preparation of r-2, c-6-di(4-methylphenyl)
piperidine, hydrochloride and (+)r-2,t-6-di1(4-meth-
ylphenyl)piperidine, hydrochloride

*HCI
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To a solution of 2,6-di-p-tolylpyridine (3.0 g, 11.6 mmol)
in 30 ml of absolute ethanol was added sodium (6.0 g, 0.26
mol) in small pieces and the reaction was kept at gentle reflux.
After the addition of sodium was completed, 10 ml of ethanol
was added and the reaction mixture was heated to retlux until
the sodium had disappeared. The solution was cooled to room
temperature and 50 ml of water were added dropwise. Etha-
nol was evaporated from the reaction mixture, the aqueous
phase was extracted several times with diethyl ether and the
combined etherates were washed with water, brine and dried
over MgSQO,.. The drying agent was removed by filtration and
the etherate was concentrated to yield a crude product which
was purified on silica gel column with hexane/ethyl acetate as
cluant (20/1 to 10/1) to afford r-2, c-6-di(4-methylphenyl)
piperidine and r-2, t-6-di(4-methylphenyl)piperidine. To
torm the HCI salt, r-2, ¢c-6-di(4-methylphenyl)piperidine was
dissolved 1 a mimmum amount of diethyl ether and 5 ml of
IN HCI (5 mmol) diethyl ether solution was added. The
precipitate was collected by filtration, washed with diethyl
cther and dried to afford r-2, c-6-di(4-methylphenyl)piperi-
dine, HCI (1.35 g, 38.7%). r-2, c-6-D1(4-methylphenyl)pip-
eridine was converted to the HCI salt by the same method as
r-2, c-6-di(4-methylphenyl)piperidine to afford r-2, t-6-di(4-
methylphenyl)piperidine, HCI (1.28 g, 33.8%). r-2, c-6-D1(4-
methylphenyl)piperidine, HCI: a white solid; purity 95.9%
(HPLC); Mass: 265(m/c); mp:315-317° C.; TLC: R~0.32
(hexane/ethylacetate 10/1); 'H-NMR (CD,0D):d ppm 7.42
(d, ArH, 4H) 7.26 (d, ArH, 4H), 4.42 (t, ArCH, 2H), 2.35
(s,CH;, 6H), 1.85-2.20 (m, CH,, 6H); Anal. (C, H, N;
C,.H,,N, HCI): cal. (%):C, 75.60, H, 8.01, N, 4.64; found
(%): C, 75.43, H, 8.05, N, 4.65. r-2,t-6-D1(4-methylphenyl )
piperidine, HCI: a white solid purity 98.2% (HPLC); Mass:
265 (m/e); mp: 279-281° C.; TLC: R~0.15 (hexane/ethylace-
late 10/1); "H-NMR (CD,OD): dppm 7.39 (d, ArH, 4H), 7.32
(d, ArH, 4H), 4.54 (t, ArCH, 2H), 2.38 (s, CH,, 6H), 1.90-2.40
(m, CH,,6H); Anal. (C, H, N: C,;H,;N, HCI): cal.(%0): C,
75.60,H, 8.01, N, 4.64; found (%): C,75.82,H,7.85, N, 4.80.

Part II: Preparation of N-carboximidamide-r-2,
c-6-di(4-methyphenyl)piperidine, mesylate

Cyanamide (1.50 g, 35.7 mmol) and r-2, c-6-di(4-meth-
ylphenyl)piperidine hydrochloride (0.50 g, 1.66 mmol) were
dissolved 1 20 ml of methanol and the reaction mixture was
refluxed for 48 hours. The solution was concentrated to atford
a crude product which was purified on silica gel column with
chloroform/methanol (20/1) as eluant. The product was col-
lected, concentrated and dissolved in 100 ml of 1N NaOH.
The solution was extracted with chloroform, the organic
phase was washed with 1N NaOH, water, brine and dried over
MgSQO, . After filtration and evaporation to dryness, the light-
yellow solid obtained was dissolved in diethyl ether. To this
solution was added sulfonic acid (70 mg, 0.72 mmol). The

precipitate obtained was collected by filtration, washed with
diethyl ether and dried under vacuum (0.256 g, 48.2%). A

white solid; purity: 86.4% (HPLC); HRMS: 307.2048 (Cal.:
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307.2033 for CooHasNy); mp: 183-185° C.; TLC: R~0.43
(Si0,, CHCL,/MeOH=10/1). "H-NMR (CD,OD): 8 ppm
7.25(d, ArH, 4H), 7.15 (d, ArH, 4H), 4.93 (t, ArCH, 2H), 2.69
(s, CH,SO,H, 3H), 2.30 (s, CH,, 6H), 1.80-2.30 (m, CH,,
6H).

EXAMPLE 2

Preparation of N-carboximidamide-r-2,c-6-di(4-1s0-
propylphenyl)piperidine, hydrochloride (includes
Parts I, II and III; Part I carried out with alternative
Methods A and B)

Part I: Preparation of
2,6-di(4-1sopropylphenyl)pyridine

Method A

/\‘
\N/\/\

To a solution of 4-bromoisopropylbenzene (3.0 g, 14.8
mmol) i 10 ml of diethyl ether was added dropwise under
argon, at —78° C., n-butyllithtum 2.5M 1n hexanes (5.91 ml,
14.8 mmol) and then the reaction mixture was warmed to —10
to 0° C. 2,6-Difluoropyridine (0.838 g, 7.39 mmol) was added
dropwise over one hour period. After stirring for 30 minutes,
the reaction mixture was warmed up to room temperature and
stirred for 16 hours. The reaction was quenched with a 20%
ammonium chloride solution, the organic phase was sepa-
rated and the aqueous phase was extracted with diethyl ether.
The combined etherates were dried over MgSQO,, and filtra-
tion and concentration afforded a crude product which was
purified on silica gel column with chloroform as eluant. The
product was collected, concentrated and dried to yield the title
compound (0.87 g,37.4%). "H-HMR(CDCL,); d ppm 8.08 (d,

ArH, 4H), 7.80 (t, ArH, 1H), 7.65 (d, ArH, 2H), 7.36 (d, ArH,
4H), 3.00 (m, CH, 2H), 1.30(d, CH,, J=6.93 Hz, 12H).

Method B
Part 1: Preparation of 1,3,-di(4'-1sopropylbenzoyl)propane

O O
Y [
N N
N N

To a solution of cumene (5.00 g, 41.2 mmol) 1n methylene
chloride (80 ml) was added AlICI, (5.49 g, 41.2 mmol) under

argon at 0 to 5° C. Glutaryl chloride (3.58 g, 20.0 mmol) 1n
methylene chloride (30 ml) was added and the mixture was
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warmed to room temperature and stirred for 12 hours. The
reaction was then poured into 100 ml of ice water and the
organic phase separated. The aqueous phase was extracted
several times with chloroform. The combined organic phases
were washed with water, NaOH 1N, brine and dried over
MgSQ,. Filtration and evaporation to dryness atforded a
crude product which was purified on silica gel column with
chloroform. The product was collected, concentrated and
dried (4.55 g, 68%). "H-NMR (CDCl,): & ppm 7.92 (d, ArH,
4H),7.31 (d, ArH, 4H), 3.09 (t, CH,, J=7.0 Hz, 4H), 2.98 (mm,
CH, 2H), 2.19 (m, CH,, 2H), 1.26 (d, CH,, J=6.93, 12H).

Part 2: Preparation of 2,6-di1(4-1sopropylphenyl)pyridine

/\‘
N Y AN
9 \

Y F Y
1,3-D1(4'-1sopropylbenzoyl) propane (1.85 g, 5.50 mmol)

hydrochloride (0.4
dissolved 1 glacial

4 ¢, 5.89 mmol) were
). After 24 hours of
reflux, the reaction mixture was cooled down to room tem-

and hydroxylamine

acetic acid (7 ml

perature and concentrated to atford a brown o1l to which was
added 100 ml of water. To this solution was added 1N NaOH
until pH=13. The aqueous phase was extracted several times
with chloroform. The combined organic phases were washed
with 1N NaOH, water, brine and dried over MgSQO,,. Filtration
and evaporation to dryness afforded a crude product which

was purified on silica gel column with hexane/ethyl acetate
(20:1) as eluant. The product was collected, concentrated and
dried (0.521 g, 30%). "H-NMR (CDCl,) for the product cor-

responded to that set forth above under Example 2 Part I,
Method A.

Part II: Preparation of r-2,
c-6-di(4-1sopropylphenyl)piperidine, hydrochloride

T T

This compound was prepared by the method set forth in
Example 1, Part 1 above with use of 2,6-di(4-1sopropylphe-
nyl)pyridine) in place of 2,6-di-p-tolylpyridine. 'H-NMR
(CD,0D): 0 ppm 7.49 (d, ArH, 4H), 7.35 (d, ArH, 4H), 4.45
(t, ArCH, 2H), 2.92 (m, CH, 2H), 2.15 (m, CH,, 6H), 1.35(d,
CH,, J=6.93 Hz, 12H).
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Part III: Preparation of N-carboximidamide-r-2,
c-6-di(4-1sopropylphenyl)piperidine, hydrochlorde

N

| PY |
Y S LN - S \I/
+H(C]

This compound was prepared by the method set forth 1n
Example I Part II above with use of r-2, c-6-di(4-1sopropy-
Iphenyl)piperidine, hydrochloride 1n place of r-2, ¢-6-di(4-
methylphenyl)piperidine. r-2,c-6-Di1(4-1sopropylphenyl)pip-
eridine, HCI: a white solid; purity 99.7% (HPLC); Mass: 364
MH™"; mp: 197-199° C.; TLC: R#~0.29 (S10,,CHCIy/
MeOH=10/1); 'H-NMR (CD OD): 6ppm 7.27 (d, ArH, 4H),
7.18 (d, ArH, 4H), 4.97 (m, ArCH, 2H), 2.85 (m, CH, 2H),
1.80-2.30 (m, CH,, 6H), 1.21 (d, CH; J=6.93 Hz, 12H); Anal.
(C,H,N; C,,H;;N,, HCI): cal.(%): C, 72.06, H, 8.57, N,
10.50; found (%): C, 72.18, H, 8.49, N, 10.59.

EXAMPLE 3

Preparation of (x) N-carboximidamide-r-2, t-6-di(4-
methylphenyl) piperidine, hydrochloride (Parts 1, 11
and III)

Part I: Preparation of
(£)2,6-d1(4-methylphenyl)piperidine

This compound was prepared by the method indicated
above 1n Example 1, Part 1 and omitting the HCI treatment.

Part II: Preparation of (£)N-cyano-r-2,t-6-di1(4-meth-

ylphenyl)piperidine
‘ \ \ N -"’ff;f ‘/\
|
N\F o N O\

(£)r-2, t-6-(4-Methyl)phenylpiperidine (365 mg, 1.37
mmol) was suspended 1n 30 ml of an 1ce-bath cooled mixture
of methanol-water 2:1. Ammonium acetate (170 mg, 2.05
mmol) and cyanogen bromide (220 mg, 2.05 mmol) were
added successively. After two hours of stirring, the water bath
was removed and the suspension stirred overnight. The white

flaky precipitate obtained was collected on a glass filter and
washed with water: yield 215 mg (54%); 'H-NMR(CDCI,): 8

ppm 7.34 (d, ArH, 4H), 7.23 (d, ArH, 4H), 4.48 (dd, ArCH,
1=4.3,7.0Hz,2H),2.36 (s, CH,,6H),2.20 (m, CH,, 2H), 2.05
(m, CH,, 2H), 1.78 (m, CH,, 2H); purity 89% (HPLC); TLC:
R~0.3 (hexane-et hylacetate 2/0.5); Mass (CI—NH,): 308
(M+NH,)™, 291(MH)".
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Part 111:

Preparation of () N-Carboximidamide-r-2,
t-6-di1(4-methylphenyl)piperidine, hydrochloride

(x) N-cyano-r-2, t-6(4-methyl)phenylpiperidine (215 mg,
0.75 mmol) was mixed with an excess of ammonium acetate
(1.5 g) and the paste obtained was heated to the melting point
at 120° C. to obtain a clear solution. After 13 hours of heating,
the solution was cooled down and water was added. This
solution was kept 1n the freezer until precipitation occurred
(12 hours). The precipitate was filtered off and the filtrate
basified with sodium hydroxide 1N. The filtrate was extracted
with diethyl-ether, washed with water and acidified with HCI
1N to precipitate (x) N-carboximidamide-r-2, t-6-di(4-meth-
ylphenyl) piperidine, HCI as a white solid: yield 60 mg
(28%), "H-NMR (CD,OD): 8 ppm 7.4 (d, ArH, 4H), 7.3 (d,
ArH, 4H), 4.55 (dd, 2ArCH, 2H), 2.4 (s, CH,, 6H), 2.35 (m,
CH,, 2H), 2.15 (m, CH,, 2H), 1.95 (m, CH,, 2H), Mass:
MH™(308), MH—CN,H, (266); purity: 98.9% (HPLC);

TLC: R~0.3 (chloroform/methanol 10/0.5).

EXAMPLE 4

Preparation of N-carboximidamide-r-2,
c-5-diphenylpyrrolidine, hydrochloride (includes
Parts I, II, III, IV and V)

Part I: Preparation of 2,5-diphenylpyrrole

Saav

Dibenzoylethane (1.50 g, 6.30 mmol) and ammonium
acetate (2.00 g, 25.2 mmol) were mixed together and the
mixture was heated to 100° C. for 4 hours. The reaction
mixture was cooled down to room temperature, diluted with
30 ml of water and basified with 1N NaOH until pH 14. The
reaction mixture was extracted several times with chloro-
form. The combined organic phases were washed with 1N
NaOH, water, brine and dried over MgSO,. Filtration and
concentration afforded a crude product which was purified on
silica gel column with hexanes/ethyl acetate (10/1) as eluant,
the product was collected to yield after evaporation to dryness
0.90 g (65.2%). A light yellow solid; "H-NMR (CDCl,): 67

ppm 7.20-7.60 (m, ArH, 10H), 6.6 (d, ArH, 2H).
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Part II: Preparation of N-Boc-2,5-diphenylpyrrole

7\
oy O

4-Dimethylaminopyridine (DMAP) (5.4 mg, 0.046 mmol)
and di-tertbutyldicarbonate (100 mg. 0.456 mmol) were
added to a solution of 2,5-diphenylpyrrole (100 mg, 0.456
mmol) 1n dry acetonitrile (5 ml) under argon. The reaction
mixture was refluxed for 5 hours. The crude product was
purified on silica gel column with hexanes/ethyl acetate (10/
1) as eluant. The product was collected, concentrated and

dried to atford the title compound. N-t-butyloxycarbonyl-2,
5-diphenylpyrrole as an oil (126 mg. 86.6%). 'H- NM{

(CDCL,): & ppm 7.25-7.55 (in, ArH, 10H), 6.6 (d, ArH, 2H).
1.17 (s, CH,, 9H).

Part I1I: Preparation of
N-Boc-2,5-diphenylpyrrolidine

S a®

BOC

To a solution of N-Boc-2,5-diphenylpyrrole (1.027 g, 3.22
mmol) i methanol (80 ml) was added palladium (5%) on
activated carbon (0.250 g). The reaction mixture was hydro-
genated (10 psi1) for 1.5 hours. Filtration and evaporation to
dryness afforded N-Boc-2,5-diphenylpyrrolidine (1.01 g,
07%). "H-NMR (CDCL,): § ppm 7.20-7.60 (m, ArH, 10H),
5.0 (in, ArCH, 2H), 2.45 (m, CH,, 2H), 1.17 (s, CH;, 9H)

Part IV: Preparation of 2,5-diphenylpyrrolidine,

hydrochloride
Trifluoroacetic acid (10 ml) was added to 2,5-diphenylpyr-

H
*HCI

rolidine (1.01 g, 3.13 minol) at 0° C. The mixture was stirred
at 0° C. for 10 minutes, then the solvent was evaporated to
afford a light brown solid to which was added 100 ml of water.
To this solution was added 1N NaOH until pH=14 and the
aqueous phase was extracted with chloroform. The organic
phase was washed with 1N NaOH, water, brine and dried over
MgSO,. After filtration and evaporation to dryness, the light-
yellow solid obtained was dissolved 1n diethyl-ether. To this
solution was added IN HCI (5 ml, 5 mmol), the precipitate
obtained was collected by filtration, washed with diethyl-
ether and dried under vacuum (0.590 g, 72.7%). 'H-NMR
(CDCl5): 0 ppm 7.30-7.60 (m, ArH, 10H), 4.95 (m, ArCH,
2H), 2.45-2.70 (m, CH,, 4H).
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Part V: Preparation of
N-carboximidamide-r2,5-diphenylpyrrolidine
hydrochloride

(X

H,N

9

NH

Cyanamide (1.40 g. 33.3 mmol) and r-2, ¢c-5-diphenylpyr-
rolidine (0.50 g, 192 mmol) were dissolved 1n 10 ml of metha-
nol. The reaction mixture was refluxed for 24 hours. The
solution was concentrated to afford a crude product which
was purified on silica gel column with chloroform/methanol
(24/1). The products were collected, concentrated and dis-
solved 1n 100 ml of 1N NaOH. The solution was extracted
with chloroform. The organic phase was washed with 1N
NaOH, water, brine and dried over MgSO,. Filtration and
evaporation to dryness gave a flully solid which was dis-
solved 1n 3 ml of chloroform. To this solution was added 3 ml
of 1N HC1 1n diethyl ether (3 mmol). The precipitate was
collected by filtration and washed with diethyl ether and dried
under vacuum (0.210 g, 36.2%); a white solid; purity: 99.5%
(HPLC); Mass: 266 MH™; mp: 242-244° C.; TLC: R ~0.23
(Si02; CHCL,/MeOH=10/1); '"H-NMR (CD,OD): & ppm
7.45-7.55 (m, ArH, 10H), 5.17 (t, ArCH, 2H), 2.58 (m, CH,,
2H), 2.10 (m, CH,, 2H); Anal. (C, H, N; C,-H,;N3, HCI,
0.7H,0O cal.(%): C, 64.97, H, 6.81, N, 13.38, found (%): C,
64.59, H, 6.39, N, 13.43. (HPLC); Mass: 266 MH™; mp:
242-244° C.; TLC: R~0.23 (510, CHCIl;/MeOH=10/1);
"H-NMR (CD,OD): 8 ppm 7.45-7.55 (m, ArH, 10H), 5.17 ({,
ArCH, 2H), 2.58 (m, CH,,2H), 2.10 (m, CH,, 2H); Anal. (C,
H,N; C,-H,,N,, HCI, 0.7H,0): cal.(%): C, 64.97, H, 6.81, N,
13.38; found (%0): C, 64.59, H, 6.39, N, 13.43.

EXAMPLE 5

Preparation of N-(N'-phenylcarboximidamide)-r-2,c-
6-diphenylpiperidine, hydrochloride (includes Parts

I, II and III)
Part I: Preparation of 2,6-diphenylpiperidine,
hydrochloride
N
H P
«HCl

This compound was prepared as described in Example 1,
Part I. "H-NMR (CDCl,): 8 ppm 7.20-7.50 (m, ArH, 10H),
3.82 (d, ArCH, 2H), 1.45-2.05 (m, CH,,6H).
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Part II: Preparation of N-cyano-r-2,
c-6-diphenylpiperidine

N
\N/ AN
Lo

This compound was prepared as described 1n Example 3,
Part 11 above. "H-NMR (CDCL,): 8 ppm 7.30-7.50 (m, ArH,
10H), 4.18(d, ArCH, 2H), 1.60-2.10(m, CH,, 6H).

Part I1I: Preparation of N-(N'-phenylcarboximida-
mide)-r-2,c-6-diphenyl piperidine, hydrochloride

*HCl

To a solution of N-cyano-r-2-6-diphenylpiperidine (200
mg. 0,76 mmol) 1n chlorobenzene (5 ml) was added AICI,
(100 mg, 0.76 mmol) and the suspension was stirred for 5
minutes. Aniline hydrochloride (100 mg, 0.76 mmol) was
added, and the reaction mixture was heated to 120° C. for 4
hours. The reaction mixture was purified on silica gel column
with chloroform/methanol (20/1). The fractions contaiming
the product were evaporated to dryness to yield 0.127 ¢
(42.5%). A white flufly solid; purity 92.3% (HPLC); Mass:
356 MH™;, mp: 82-84° C.; TLC: R~0.37 (S10,, CHCl,/
MeOH=20/1); 'H-NMR (CD,OD): 8 ppm 7.10-7.50 (m,
ArH, 15H), 4.76 (t, ArCH, J=7.26 Hz, 2H), 2.00-2.40 (m,
CH,, 6H); Anal. (C, H, N; C,,H,.N,, HCI): cal. (%): C,
73.55, H, 6.69, N, 10.72; found (%) C, 73.63, H, 6.52, N,
10.88.

EXAMPLE 6

In vivo Anticonvulsant Activity 1in the DBA/2 Mouse
Model (Mouse Audiogenic Assay)

The 1 vivo potency of compounds of the invention 1s
exemplified by data summarized in the Table I below and
obtained pursuant to the following protocol.

Compounds were tested for their effectiveness in prevent-
ing seizures 1n DBA/2 mice which have a unique sensitivity to
auditory stimulation. Exposure to loud high-frequency
sounds can trigger seizure activity in these animals. This
sensitivity develops from postnatal day 12 and peaks around
day 21 and slowly diminishes as the animals mature. The
unusual response to auditory stimulation in this strain of
mouse 1s believed to be due to a combination of early myeli-
nation (causing an unusually low excitatory threshold) and
delayed development of inhibitory mechanisms.

Mice were 1njected intraperitoneally with the compound
specified 1n Table I below or with vehicle control, 30 minutes
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prior to being placed 1n a bell jar and turning on the auditory
stimulus (12 KHz sine wave at 110-120 db). Administered
doses are specified in Table I as milligram of compound per
kilogram bodyweight of mouse. The auditory stimulus was
lett on for 60 seconds and mice reactions were timed and
recorded. Percentage inhibition was determined with refer-
ence to vehicle controls. Results are shown 1n Table I below.

TABLE ]
Audiogenic
Ex- Response
ample Compound Dose %

No. Name (mg/kg) Inhib. Salt

1 N-carboximidamide-r-2, ¢-6-di(4- 10 42 mesylate
methylphenyl)piperidine

2 N-carboximidamide-r-2, ¢c-6-di(4- 10 69 HCI

isopropylphenyl)piperidine

This invention has been described in detail with reference
to preferred embodiments thereotf. However, it will be appre-
ciated that those skilled in the art, upon consideration of this
disclosure, may make modifications and i1mprovements
within the spirit and scope of the invention.

What 1s claimed 1s:
1. A compound of the following Formula I:

(X)
/Z,X p
(CHy)m (CHa)p
\ /

N

PN

H,N NH

wherein Z 1s carbon;

m and n are each independently an integer from O to 3, and
the sum of m and n 1s 3;

cach X 1s independently substituted or unsubstituted alkyl;
substituted or unsubstituted alkylsilyl; substituted or
unsubstituted alkenyl; substituted or unsubstituted alky-
nyl; substituted or unsubstituted alkoxy; substituted or
unsubstituted alkylthio; substituted or unsubstituted
alkylamino; substituted or unsubstituted alkylsulfinyl;
substituted or unsubstituted alkylsulfonyl; substituted or
unsubstituted aralkyl; substituted or unsubstituted car-
bocyclic aryl; or a substituted or unsubstituted het-
eroaromatic or heteroalicyclic group having from 1 to 3
rings, 3 to 8 ring members 1in each ring and from 1 to 3
hetero atoms;

pisaninteger from 2 to 4; and pharmaceutically acceptable
salts thereof.

2. A compound of claim 1 wherein p 1s 2.

3. A compound of claim 1 wherein X may be optionally
substituted by one or more halogen; cyano; hydroxyl; nitro;
azido; alkanoyl; carboxamido; alkyl; alkenyl; alkynyl; alkyl-
s1lyl; alkoxy groups; aryloxy; alkylthio; alkylsulfinyl; alkyl-
sulfonyl; alkylamino; carbocyclic aryl; aralkyl, and het-
eroaromatic or heteroalicyclic group having from 1 to 3 rings,
3 to 8 ring members 1n each ring and from 1 to 3 hetero atoms.

4. A compound that 1s N-carboximidamide-r-2, c-3-diphe-
nylpyrrolidine; and pharmaceutically acceptable salts
thereof.
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5. A compound of the following Formula II:

11

7 (X)p
/7 X
(CH21m /(CHz)n

N

NN

N NR?

Rl

wherein 7 1s carbon;

m and n are each independently an integer from O to 3, and
the sum of m and n 1s 3;

p 1s an integer from 2 to 4;

cach X 1s independently substituted or unsubstituted alkyl-
s1lyl; substituted or unsubstituted alkenyl; substituted or
unsubstituted alkynyl; substituted or unsubstituted
alkoxy; substituted or unsubstituted alkylthio; substi-
tuted or unsubstituted alkylamino; substituted or unsub-
stituted alkylsulfinyl; substituted or unsubstituted alkyl-
sulfonyl; substituted or unsubstituted carbocyclic aryl;
or a substituted or unsubstituted heteroaromatic or het-
eroalicyclic group having from 1 to 3 rings, 3 to 8 ring
members 1n each ring and from 1 to 3 hetero atoms;

R, R', and R* are each independently hydrogen; hydroxy:
substituted or unsubstituted alkanoyl; substituted or
unsubstituted alkanoyloxy; substituted or unsubstituted
alkyl; substituted or unsubstituted alkenyl; substituted
or unsubstituted alkynyl; substituted or unsubstituted
alkoxy; substituted or unsubstituted alkylthio; substi-
tuted or unsubstituted alkylamino; substituted or unsub-
stituted alkylsulfinyl; substituted or unsubstituted alkyl-
sulfonyl; substituted or unsubstituted carbocyclic aryl;
or a substituted or unsubstituted heteroaromatic or het-
eroalicyclic group having from 1 to 3 rings, 3 to 8 ring
members 1n each ring and from 1 to 3 hetero atoms, with
at least one of R, R', and R” being other than hydrogen;

and pharmaceutically acceptable salts thereof.

6. A compound of claim 5 wherein the X, R, R' and R?
groups each may be optionally substituted by one or more
halogen; cyano; hydroxyl; mitro; azido; alkanoyl; carboxa-
mido; alkyl; alkenyl; alkynyl; alkylsilyl; alkoxy groups; ary-
loxy; alkylthio; alkylsulfinyl; alkylsulfonyl; alkyl amino; car-
bocyclic aryl; aralkyl; or heteroaromatic or heteroalicyclic
group having from 1 to 3 rings, 3 to 8 ring members 1n each
ring and from 1 to 3 hetero atoms.

7. A compound of claim 5 wherein at least one of R and R*
is other than hydrogen, and R” is hydrogen.

8. A method of treating epilepsy, comprising administering,
to a mammal suflering from or susceptible to epilepsy a
therapeutically effective amount of a compound of claim 1.

9. A pharmaceutical composition comprising a therapeuti-
cally effective amount of one or more compounds of claim 1.

10. A compound of claim 1 wherein the compound 1s of the
following Formula I(e):

I{e)

W N Y

A

H,N NH
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wherein W and Y are each independently substituted or
unsubstituted alkyl; substituted or unsubstituted alk-
enyl; substituted or unsubstituted alkynyl; substituted or
unsubstituted alkoxy; substituted or unsubstituted alky-
Ithio; substituted or unsubstituted aminoalkyl; substi-
tuted or unsubstituted alkylsulfinyl; substituted or
unsubstituted alkylsulfonyl; substituted or unsubstituted
carbocyclic aryl; substituted or unsubstituted aralkyl; or
a substituted or unsubstituted heteroaromatic or het-
eroalicyclic group having from 1 to 3 rings, 3 to 8 ring
members 1n each ring and from 1 to 3 hetero atoms; and
pharmaceutically acceptable salts thereof.

11. The compound of the following Formula I(e)

I(e)

W N Y

A

H,N NH

wherein W and Y are each independently substituted or
unsubstituted alkyl, substituted or unsubstituted car-
bocyclic aryl, substituted or unsubstituted aralkyl, or
substituted or unsubstituted heteraromatic.

12. The compound of claim 10 wherein the W andY groups
may be optionally substituted by one or more halogen; cyano;
hydroxyl; nitro; azido; alkanoyl; carboxamido; alkyl; alk-
enyl; alkynyl; alkylsilyl; alkoxy groups; aryloxy; alkylthio;
alkylsulfinyl; alkylsulfonyl; alkylamino; carbocyclic aryl;
aralkyl; and heteroaromatic or heteroalicyclic group having
from 1 to 3 rings, 3 to 8 ring members 1n each ring and from
1 to 3 hetero atoms.

13. The compound of claim 3 wherein the compound 1s of
the following formula:

wherein,

cach X 1s independently substituted or unsubstituted alkyl-
s1lyl; substituted or unsubstituted alkenyl; substituted or
unsubstituted alkynyl; substituted or unsubstituted
alkoxy; substituted or unsubstituted alkylthio; substi-
tuted or unsubstituted alkylamino; substituted or unsub-
stituted alkylsulfinyl; substituted or unsubstituted alkyl-
sulfonyl; substituted or unsubstituted carbocyclic aryl;
or a substituted or unsubstituted heteroaromatic or het-
eroalicyclic group having from 1 to 3 rings, 3 to 8 ring
members 1n each ring and from 1 to 3 hetero atoms;

R and R" are each independently hydrogen; hydroxy; sub-
stituted or unsubstituted alkanoyl; substituted or unsub-
stituted alkanoyloxy; substituted or unsubstituted alkyl;
substituted or unsubstituted alkenyl; substituted or
unsubstituted alkynyl; substituted or unsubstituted
alkoxy; substituted or unsubstituted alkylthio; substi-
tuted or unsubstituted alkylamino; substituted or unsub-
stituted alkylsulfinyl; substituted or unsubstituted alkyl-
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sulfonyl; substituted or unsubstituted carbocyclic arvl;
or a substituted or unsubstituted heteroaromatic or het-
eroalicyclic group having from 1 to 3 rings, 3 to 8 ring
members 1n each ring and from 1 to 3 hetero atoms;

R* is hydrogen; hydroxy; substituted or unsubstituted

alkanoyl; substituted or unsubstituted alkanoyloxy; sub-
stituted or unsubstituted alkyl; substituted or unsubsti-
tuted alkenyl; substituted or unsubstituted alkynyl; sub-
stituted or unsubstituted alkoxy; substituted or
unsubstituted alkylthio; substituted or unsubstituted
alkylamino; substituted or unsubstituted alkylsulfinyl;
substituted or unsubstituted alkylsulfonyl; or a substi-
tuted or unsubstituted heteroaromatic or heteroalicyclic
group having from 1 to 3 rings, 3 to 8 ring members 1n
cach ring and from 1 to 3 hetero atoms,

with at least one of R, R" and R* being other than hydrogen;

p' 1s 2; and pharmaceutically acceptable salts thereof.
14. The compound of the following formula:

W N Y
R )\
xT N

R R,

N
|

wherein W and Y are each independently substituted or

unsubstituted alkenyl; substituted or unsubstituted alky-
nyl; substituted or unsubstituted alkoxy; substituted or
unsubstituted alkylthio; substituted or unsubstituted
aminoalkyl; substituted or unsubstituted alkylsulfinyl;
substituted or unsubstituted alkylsulionyl; substituted or
unsubstituted carbocyclic aryl; substituted or unsubsti-
tuted aralkyl; or a substituted or unsubstituted heteroaro-
matic or heteroalicyclic group having from 1 to 3 rings,
3 to 8 ring members 1n each ring and from 1 to 3 hetero
atoms;

R and R*' are each independently hydrogen; hydroxy; sub-

stituted or unsubstituted alkanoyl; substituted or unsub-
stituted alkanoyloxy; substituted or unsubstituted alkyl;
substituted or unsubstituted alkenyl; substituted or
unsubstituted alkynyl; substituted or unsubstituted
alkoxy; substituted or unsubstituted alkylthio; substi-
tuted or unsubstituted alkylamino; substituted or unsub-
stituted alkylsulfinyl; substituted or unsubstituted alkyl-
sulfonyl; substituted or unsubstituted carbocyclic aryl;
or a substituted or unsubstituted heteroaromatic or het-
eroalicyclic group having from 1 to 3 rings, 3 to 8 ring
members 1in each ring and from 1 to 3 hetero atoms;

R* is hydrogen; hydroxy; substituted or unsubstituted

alkanoyl; substituted or unsubstituted alkanoyloxy; sub-
stituted or unsubstituted alkyl; substituted or unsubsti-
tuted alkenyl; substituted or unsubstituted alkynyl; sub-
stituted or unsubstituted alkoxy; substituted or
unsubstituted alkylthio; substituted or unsubstituted
alkylamino; substituted or unsubstituted alkylsulfinyl;
substituted or unsubstituted alkylsulfonyl; or a substi-
tuted or unsubstituted heteroaromatic or heteroalicyclic
group having from 1 to 3 rings, 3 to 8 ring members 1n
cach ring and from 1 to 3 hetero atoms,

with at least one of R, R' and R* being other than hydrogen:;

and pharmaceutically acceptable salts thereof.
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15. The compound of claim 14 wherein W and Y are each
independently substituted or unsubstituted carbocyclic aryl,
substituted or unsubstituted aralkyl, or substituted or unsub-
stituted heteraromatic.

16. The compound of claim 14 wherein the W and Y groups

may be optionally substituted by one or more halogen; cyano;
hydroxyl; nitro; azido; alkanoyl; carboxamido; alkyl; alk-

5
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enyl; alkynyl; alkylsilyl; alkoxy groups; aryloxy; alkylthio;
alkylsulfinyl; alkylsulfonyl; alkylamino; carbocyclic aryl;
aralkyl; and heteroaromatic or heteroalicyclic group having
from 1 to 3 rings, 3 to 8 ring members 1n each ring and from
1 to 3 hetero atoms.
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